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1. Background
COST2100 has distributed detailed test plan of MIMO/multiple receiver antennas OTA measurement campaign [1]. The test objectives are

1. To measure a set of figure of merits (FOMs) by using the reference DUTs for the candidate methodologies

2. To compare the OTA FOMs among the test methodologies

3. To determine and prove whether the test methodology can be used to differentiate a good and bad DUT

The FOMs suggested in [1] are grouped into Category I to Category V. Following the recommendation in [1], We have done the MIMO OTA experiments using two methods: the multi-probe based method in anechoic chamber and two-stage based method. Our measured FOMs mainly focus on Category I (throughput and CQI) and Category III (Gain Imbalance, Correlation and MIMO capacity). This proposal provides the validation results on Category III and [2] will demonstrate the test results in Category I for both multiple probe antenna based method and two-stage method  

The experimental results demonstrate that two-stage method and multi-probe method have high similarity on correlation and channel power property, which makes the channel capacity test results for both methods comparable. 
2. Test Setup
The detailed information on MIMO OTA test platforms setup for multi-probe and two-staged methods is provided in [2]. To measure the gain imbalance, correlation and channel capacity for multiple probe antenna method, the test setup as shown in Fig.1 is used. Signals used for channel measurement for example chirp signal are generated and loaded with Agilent PXB. It is further faded by PXB fader and transmitted out by using four probe antennas inside the chamber. Agilent two channel vector signal analyzer is used to capture the signals received at the DUT antenna. By processing the captured signal, the gain imbalance, correlation and channel capacity of the DUT antenna under given channel model and multiple probe antenna test configuration are derived.

To measure the gain imbalance, correlation and channel capacity for two-stage method, the antenna pattern measurement platform as shown in Fig.3 is used. With the measured antenna pattern, further simulation and calculations are used to derive the correlation and capacity for two-stage method. As the absolute gain of the antenna pattern is measured, with calibration the SNR of the multiple probe antenna method for channel capacity simulation can be used as the SNR for the channel capacity simulation for two-stage method. Both Fig.1 and Fig.3 setup are set up the chamber of TMC Lab of CATR. 
In Fig. 4, two DUTs used for the experiment are shown. One is the Laptop with embedded MIMO antenna and one is the USB dongle. As the USB dongle does not have the RF connector to the antenna for the antenna pattern measurement, it is modified by adding the RF connector for antenna pattern measurement.  Special care is taken to make sure the modification impacts the antenna pattern of the DUT as little as possible. Another MIMO antenna used in the test is an antenna array consisting of two vertical polarized dipole antennas at a controllable distance. In this test, we use 0.5 lambda distance for the two dipole antennas. All the tests are done at carrier frequency 2.14 GHz.
In this test setup, it can support either single cluster channel model or two cluster channel model. In this report, only test results under single cluster channel model are provided.
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Figure 1 Gain imbalance, correlation and channel capacity measurement platform
	
[image: image2]
	
[image: image3]


Figure 2 Diagram of one cluster and two cluster 
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Figure 3 Diagram of antenna pattern measurement
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Figure 4 DUT#1: laptop and DUT# 2 modified HSPA USB dongle
3. Verification Results
Gain imbalance, spatial correlation and channel capacity are FOMs in Category III for MIMO OTA test. In this section, the measured results on these FOMs are provided. 

Based on the test setup in Fig.1, data are captured for the three DUTs: DUT1 and DUT2 as shown in Fig4 and the two vertical polarized dipole with 0.5 lambda spacing. By processing the captured data, the receive power of each antenna element of the DUT antenna and the spatial correlation can be measured. The curves with legend of ‘measured’ in the following figures refer to the results got in this way. In the test, one path Rayleigh fading channel model with AS=35 degree is used.
Based on the test setup in Fig.3, the antenna patterns are measured for the three DUTs: DUT1 and DUT2 as shown in Fig4 and the two vertical polarized dipole with 0.5 lambda spacing. With the same one path channel model as configured for the multiple probe antenna test setup, the channel power (power calibration inside chamber is needed and performed by calibrating out the path loss and the cable loss by using a reference dipole antenna with known antenna gain), spatial correlation can be got. When deriving those metrics, two calculation methods are used. One is to simulate the multiple probe antenna test setup by using 4 sub-paths to simulate one path. The other is to use 20 sub-paths to simulate one path. The curves with legend of ‘20 sub-path’ in this proposal are calculated results based on measured pattern with 20 sub-path approximation for one path. The curves with legend of ‘4 sub-path’ are calculated results based on measured pattern with a 4 sub-path approximation for one path.  
The power calibration makes sure that the two-stage method results and the multiple probe antenna method are compared at the same power level.
Based on the spatial correlation and channel power information, channel capacity can be further simulated for given noise level. In the simulation, the noise power is set to be the same for all the three antennas. The noise level is set so that for the antenna consisting of two dipole antenna, the average SNR is 10 dB.
Figure 5 to figure 7 demonstrate the gain imbalance, spatial correlation and channel capacity verification results, respectively. 
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Figure 5 (a) Dipole gain imbalance

The gain imbalance of MIMO antenna consisting of two dipole at half wavelength spacing is shown in Fig.5(a). It can bee seen that the measured channel power for multiple probe antenna agrees with that of two-stage method in trends but at some of the orientations, there are differences especially for the channel power of channel 2.  It can also be seen that the maximum channel power difference is around 3dB. 
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Figure 5 (b) Dipole spatial correlation

From Fig.5, it can be seen that the spatial correlation measured for multiple probe antenna and for the two-stage method agrees pretty well (with error less than 0.1 for most of the orientation and less than 0.2 for all the orientation). It can also be observed that 4 sub-path or 20 sub-path approximation do not have too much difference for both gain imbalance and spatial correlation.
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 Figure 5 (c) Dipole channel capacity

In Fig.5, the channel capacity for both multiple probe antenna test setup and for two-stage method is provided. It can be seen that the channel capacity for both methods aligned pretty well. For the dipole antenna, 4 sub-path approximation and 20 sub-path approximation agrees very well.

In Fig. 6(a), the gain imbalance of DUT #1 antenna array for both methods is provided. It can be seen that the gain imbalance for both methods agrees quite well. It can be observed that 20 sub-path approximation will get smoother results while 4 sub-path approximation for both methods will result in results not very smooth. It can be also seen that the maximum channel power difference is around 10dB. The channel power of DUT #1 antenna is much lower than that of dipole antenna in Fig.5(a)
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Figure 6 (a) DUT #1 gain imbalance
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Figure 6 (b) DUT #1 spatial correlation

In Fig.6(b), the correlation result for DUT #1, it can be seen that 4 sub-path approximation get results not very smooth as compared with the 20 sub-path approximation. Due to this kind not smooth result, it is hard to compare the correlation results for two-stage method and multiple probe antenna method. It can also be seen that the 4 sub-path approximation result differs from the 20 sub-path approximation.
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Figure 6 (c) DUT #1 channel capacity

In Fig. 6(c), the capacity results for DUT #1 is provided. As the channel capacity is the averaged results for a lot of simulations, the capacity result for 4 sub-path approximation for both methods get much smoother and are aligned quite well. The results agree with the 20 sub-path approximation also but with a lot of ripples.

In Fig. 7(a), the gain imbalance result of DUT #2 antenna is provided. The channel gain result for the first channel agrees very well for both two-stage method and multiple probe antenna method. However, for the second channel, the channel gain is much lower than the first channel and some differences are observed between the two-stage method and multiple probe antenna method.
In Fig.7 (b). the correlation result for both methods seems to align well even though there are a lot of ripples for the 4 sub-path approximation. There are some differences between the 4 sub-path approximation and the 20 sub-path approximation.

In Fig.7 (c), the capacity results for both methods are provided. The results agree in the trend, but some differences are observed for different orientations.
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Figure 7 (a) DUT #2 gain imbalance
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Figure 7 (b) DUT #2 spatial correlation
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Figure 7 (c) DUT #3 channel capacity
It can be seen from the test results that two-stage method and multiple probe antenna test methods are given results which are comparable but with differences. The differences might be contributed to the imperfection of the field inside the chamber, the test uncertainty of those test methods used for validation, etc, and needs further investigation. However, from the channel capacity test results, despite those differences between the two test methods, both methods are providing consistent performance evaluation results for the DUTs used in the tests: the antenna consisting of two dipole antenna is better than the DUT #1 antenna and DUT #1 antenna is better than DUT #2 antenna. This demonstrates that both of these methods can be used to differentiate a good and bad DUT based on the channel capacity metric.
4. Summary and Discussion

Gain imbalance, spatial correlation and channel capacity are FOMs in Category III for MIMO OTA test. This proposal gives the measured and simulated results for these three FOMs based on three devices. The experimental results demonstrate that two-stage method and multi-probe method could result in comparable results even though there are differences in the test results. Both methods will give consistent results on evaluating which DUT is the best, which one is the second best and which one is the worst for the three DUTs used in the test.  Further investigation are needed to locate the reason of the result differences for the two methods (two-stage method can be looked as the theoretical validation version of multiple probe antenna) to evaluate the performance of both methods. On the other hand, the results show in this paper proves that two-stage method is a valid method to differentiate the MIMO device with good and bad antenna design by using the FOMs in category III. With the cost effectiveness advantage, we propose to consider two-stage method as one candidate in the standardization of MIMO OTA methods.
5. Reference
[1] Vodafone, “Detailed Test Plan of MIMO/multiple receiver antennas OTA measurement campaign for COST2100 and CTIA”

[2] Agilent Technologies, “MIMO OTA round robin test report: throughput measurement results for multiple probe antenna based method and two-stage method”, 3GPP TSG-RAN4 R4-























































































































































































































































































AoA 2





AoA 1





Ant 1





Ant 4





Ant 3





Ant 2





Turning Table





AoA





Ant 1





Ant 4





Ant 3





Ant 2





Turning Table























































































































3GPP


_1347277326.vsd
PXB
(Baseband siginal generator and channel emulator)


ESG #1


ESG #2


ESG #3


ESG #4


Anechoic Chamber


Ant #1


Ant #2


Ant #3


Ant #4


EUT


VSA 89640


Laptop


Amplifier #1


Amplifier #2


Amplifier #3


Amplifier #4



_1347198499.vsd
Anechoic Chamber


EUT


Probe Ant


VNA



